Objective: To evaluate the contribution of dental anxiety to social gradients in different oral health outcomes and whether social gradients in oral health persist once dental anxiety is removed from the population examined. 
experience more frightening dental treatments such as dental general anaesthesia for the treatment of their caries. 7, 8 Therefore, it may be proposed that a social gradient may exist for dental anxiety due to dental caries and the effect of frightening dental treatment experiences in childhood. Moreover, as dental anxiety is an independent predictor of opportunistic and declining dental visiting patterns in adulthood, 9 it may be proposed that dental fears persist across the life course. 10, 11 Theorizing in this way suggests that a social gradient may exist with those from lower socioeconomic groups experiencing more dental anxiety and hence more dental caries. Therefore, it is of little surprise that earlier research reports of associations between dental anxiety and various perceived and clinical oral health measures after controlling for socio-demographic factors. [12] [13] [14] However, more recent research by Donaldson et al. 15 found something different. Donaldson et al. 15 showed that the number of permanent sound teeth was not influenced by dental anxiety but was explained by socioeconomic position (SEP) and dental attendance. 15 Baker 16 agreed and reported that dental anxiety (as an enabling resource) was one of many factors mediating the association between predisposing factors (defined as a latent variable including indicators for education, household income and social class) and subjective oral health status among British adults. Therefore, while there is evidence that a link between dental anxiety and oral health exists, once this link has controlled for SEP, the association was diminished. 17 The question remains how the interrelationship between dental anxiety, SEP and oral health may be understood? Businelle et al., 18 for instance, explored the relationship between psychological stress, socioeconomic status and mental health and showed that "the number of stressful life events experienced. . . mediated the relationship between socio-economic status and mental health status 3 years later." 18 Is it possible that dental anxiety could act in a similar fashion? Could dental anxiety influence the association between SEP and oral health and if so does dental anxiety attenuate or exacerbate oral health inequalities, and thus, contribute to the social gradient in oral health? To answer this question and fill the gaps in knowledge, a study based on a planned secondary analysis of existing population data was conducted. The primary aim of the study was to evaluate whether dental anxiety contributed to the social gradients in the different oral health outcomes mentioned and the secondary aim was to explore whether the social gradients in oral health would persist once dental anxiety was removed from the population examined.
2 | ME TH ODS Two analytical samples were created. The first consisted of 9035 interviewed adults (dentate and edentate) with complete data on relevant variables. The second consisted of 5530 dentate adults who were clinically examined and had complete data on relevant variables. They represented 79% and 85% of participating adults and dentate adults, respectively.
| Variables selection
Data on demographic characteristics, SEP indicators, dental anxiety, subjective oral health and dental behaviours were obtained during interviews. Three SEP indicators were measured in the survey. We preferred education and income over socioeconomic classification (based on employment relations and conditions) because they are not specific to the UK but appeal to a more international audience.
In addition, socioeconomic classification is only applicable to those in employment (~90% of participants), meaning that those who had never worked, were in long-term unemployment or not classified for other reasons would have been excluded. Education was determined as the highest qualification achieved. Weekly household income was derived through a battery of questions and recoded into quintiles (<£0-199, £200-399, £400-599, £600-899, £≥900 reported oral impacts "fairly often" and "very often" (codes 3 and 4). 22 Participants also reported if they were edentulous or had some natural teeth.
Dentate participants were invited to a clinical oral examination.
Examinations were based on 32 teeth. Dental caries was diagnosed at the caries into dentine threshold and recorded at surface level.
The periodontal examination consisted of measurement of periodontal pocket depth (PD) and loss of attachment (the latter was only for adults over 55 years) at mesio-buccal and disto-buccal sites for maxillary teeth, and mesio-lingual and disto-lingual for mandibular teeth, and then, the worst score per sextant was recorded. 19 We chose the number of teeth, the DMFS index and sextants with PD≥4 mm as the outcome measures for dentate adults.
| Data analysis
All analyses were run in STATA 13 (StataCorp LP, College Station, TX, USA) using analytical weights and accounting for the complex survey design. We first present crude gradients in poor oral health, oral impacts and edentulism among all adults and number of teeth, DMFS and sextants with PD≥4 mm among dentate adults, by education, income and dental anxiety. The above six outcomes covered both clinical and perceived measures of oral health for which clear social gradients have been previously reported in the UK.
23,24
The Slope and Relative Index of Inequality (SII and RII) were used to measure absolute and relative oral health inequalities, respectively. These regression-based indices relate health outcomes to a measure of SEP that takes into account the different proportions in each category rather than only comparing the two most extreme groups. 25 The SII represents the absolute difference in prevalence (or mean) of the outcome between the two extremes of the SEP indicator. RII can be interpreted as the odds (or rate) ratio of the outcome in the lowest SEP group compared with the highest. SII values higher than 0 and RII values higher than 1 indicate larger inequalities. 25, 26 The education-and income-based SII and RII for dichotomous outcomes were estimated from linear and logistic regression models, respectively, adjusting for sex, age groups, country of residence and the other SEP indicator. The corresponding SII and RII for count outcomes were estimated from negative binomial and linear regression models, respectively, using the same set of confounders.
To address the primary aim of this study, the contribution of dental anxiety to social gradients in oral health was estimated from regression models without (and with) adjustment for dental anxiety (Models 1A/1B for education gradients and 2A/2B for income gradients). As a control, we also explored the contribution of dental beha- To address the secondary aim of the study, we compared social gradients in oral health according to levels of dental anxiety to illustrate what would happen to the social gradients in oral health if dental anxiety were removed from the population. It was assumed that if dental anxiety played a strong role in explaining social gradients in oral health, there would be no social gradients among anxiety-free participants compared to those slightly/fairly and very/extremely anxious. We tested the significance of the statistical interaction between each SEP indicator and dental anxiety in models adjusting for sex, age groups, country of residence and the other SEP indicator. A nonsignificant interaction implied that the contribution of dental anxiety to social gradients in that oral health outcome was similar across dental anxiety groups. Stratified analysis was carried out to visualize the pattern of significant interactions.
| RESULTS
The two analytical samples are described in Table 1 . Participants with complete data were younger, more educated, wealthier and more dentally anxious than those with missing values. They were also more likely to report brushing their teeth more often, visiting a dentist regularly for check-ups and never having smoked. Clear gradients favouring the most educated and wealthiest were found in all oral health measures ( Table 2 ). Significant monotonic trends in oral health were also found with increasing dental anxiety, although not for all measures. Poor oral health and oral impacts were more common among dentally anxious adults. Contrarily, dentally anxious individuals were less likely to be edentulous and had more teeth and lower DMFS than nonanxious adults.
The largest absolute inequalities (SII) were observed for oral impacts and the smallest in edentulism, whereas for relative inequalities (RII), the opposite trend was found (Table 3) . For interpretation, the education-based SII for oral impacts implies that the proportion of adults reporting oral impacts was 13% higher in those with no qualifications than in those with higher education. In addition, the income-based RII for edentulism suggested that the probability of being edentulous in the wealthiest group was 8.74 times the probability in the poorest group. The largest contribution of dental anxiety to explaining oral health inequalities was found for education gradients in perceived outcomes (Models 1B-2B). Dental anxiety explained, statistically, up to 13% of education gradients and up to 7% of income gradients in perceived outcomes. On the other hand, it explained less between 1% and 4% of social gradients in edentulism. Among dentate adults, dental anxiety accounted for up to 5%
and 7% of education and income gradients, respectively. Dental behaviours accounted for more of the social gradients among all adults (30%-56% for education and 25%-58% for income) and dentate adults (19%-37% for education and 22%-32% for income) than did dental anxiety (Models 1C-2C).
Interactions between each SEP indicator and dental anxiety were
used to test what would happen if dental anxiety were removed from the whole population. Of the 24 interactions tested (education by dental anxiety and income by dental anxiety for RII and SII, respectively, in each oral health outcome), only the four for oral impacts were statistically significant (Table 4) . Larger absolute (SII) and relative inequalities (RII) in oral impacts were found with increasing levels of dental anxiety. Hence, the education-and income-based SII and RII for oral impacts were nonsignificant among anxiety-free adults but were significant at higher levels of dental anxiety, especially for income gradients. On the other hand, the 20 nonsignificant interactions suggested that absolute and relative inequalities in poor oral health, edentulism, number of teeth, DMFS and sextants with PD≥4 mm existed and were fairly similar across the three anxiety groups.
Sensitivity analysis showed that findings were robust to the definition of dental anxiety used (MDAS as continuous score or a dichotomous variable with a cut-off at 18/19) and dichotomizing clinical outcomes (having 20 teeth or more, DMFS>0 or any sextant with PD≥4 mm).
| DISCUSSION
Previous work connecting dental anxiety with oral health status suggested that a more complex relationship existed when SEP was included as an additional explanatory factor. Work from mental health 18 informed a research question that dental anxiety could act as a mediator between SEP and oral health outcome and contribute to the social gradient in oral health outcomes. Therefore, our aim was to evaluate the contribution of dental anxiety to social gradients in different oral health outcomes and explore if the social gradient persisted once dental anxiety had been removed from the population.
This study first found that crude gradients existed in dental status and subjective oral health by income, education and dental anxiety but not for periodontal pocketing. Only income and education were associated with periodontal pocketing. While possible explanations for the absence of an association between dental anxiety and periodontal pocketing may be related to an earlier loss of teeth, 27 the fact that dentally anxious adults had more teeth suggested that dental anxiety might act in a different way. An alternative explanation is the confounding role of age as the prevalence of periodontal disease increases with age, 28 while dental anxiety tends to decline in later life. 21, 29 In addition, periodontal diseases are often silent and likely to remain unnoticed for a long period of time. This argument implies that periodontal treatment may not be sought by both dentally and nondentally anxious adults.
Dental anxiety is associated with both SEP and oral health, which makes it a potential psychosocial factor explaining oral health inequalities. Our results also showed that dental anxiety compared with dental behaviours (set as a control) contributed significantly less to the absolute and relative measures of inequality for all the oral health outcomes examined. While the contribution of dental anxiety to the education and social gradients was low, the contribution of T A B L E 1 Characteristics of the sample of adults (n=9035) and dentate adults (n=5530) with complete information on relevant variables | 351 dental health behaviours to explain social inequalities, as noted in previous research, 30 was considerable. In addition, an examination of nonsignificant interactions suggested that inequalities in oral health existed, irrespective of dental anxiety status except in relation to oral health impacts. Our findings showed that absolute and relative inequalities in oral impacts on quality of life were larger at higher levels of dental anxiety. Thus, the contribution of dental anxiety to modify, attenuate or exacerbate the social gradient in the physical oral health outcomes examined was not apparent. Dental anxiety, nevertheless, did have an effect on the oral health impact gradient.
A possible explanation for this finding may be due to the shared association in the equivalence between some of the dental anxiety and oral health impact items with regard to an overlapping construct, for example negative affectivity. Clark and Watson 31 proposed in T A B L E 2 Crude gradients in dental anxiety by education and income and crude gradients in oral health by education, income and dental anxiety a P value for trend was derived from unadjusted logistic and negative binomial regression models for binary and count outcomes, respectively.
their tripartite model when distinguishing the components of anxiety and depression that the apparent overlap would be explained by the personality trait termed negative affectivity. This was also referred to as "general psychological distress," 32 which would appear to be a plausible way to view the links between dental anxiety and oral health impacts.
What value are these findings for a dental public health community, which aims to reduce health inequality by altering the social gradient? First, there must be the recognition that dental anxiety contributed little to the social gradient in objective oral health outcomes, whereas the contribution of behaviours was significant. It is now recognized that health behaviours are proximal determinants of T A B L E 3 Change in absolute and relative measures of inequalities in oral health, attributed to dental anxiety and dental behaviours health, being influenced distally by SEP. 33, 34 Using such theoretical models, 34 it may be suggested that that this secondary analysis highlights the importance of SEP and the need, therefore, to adopt health promotion strategies that are couched within proportionate universalism. This strategy will enable a reduction in childhood caries 35 and the potential for reducing distressing dental experiences 8 and the dental anxiety consequences. Doing so will, in addition, reduce any residual effects of dental anxiety upon oral health outcomes, and in particular oral health impacts, while attenuating education and income inequalities by fostering cognitive and psychosocial skill sets to stimulate health learning capacity. 36, 37 Some study limitations need to be addressed. First, our analysis was based on cross-sectional data and unable to test for causal relationships. This is particularly important when testing for mediators between SEP and oral health, where a clear temporal sequence is required. Second, this study was based on secondary analysis of national data, which was not purposely collected to test our hypothesis. Using existing data allowed exploring our research questions rapidly while maximizing the use of publicly funded surveys, but our analysis may have been constrained by data availability (selection of variables). Third, the fact that our study samples represented 79%-85% of survey participants may raise concerns about representativeness and the impact of missing data on the results. Participants included in the study were younger, more educated, wealthier and reported higher dental anxiety and more favourable behaviours.
Therefore, we report valid relationships between the variables of interest but our findings may not be generalizable beyond the study samples. Fourth, we used the MDAS which is widely quoted but only one of a number of instruments available in the literature to assess dental anxiety. The present findings await corroboration from longitudinal studies in different populations using alternative assessment approaches of SEP and dental anxiety.
| CONCLUSION
This study provides little support for the role of dental anxiety in explaining social inequalities in various perceived and clinical oral health measures. Compared to dental behaviours, the contribution of dental anxiety to the social gradient in oral health was relatively modest. In addition, oral health inequalities were found across all levels of dental anxiety.
T A B L E 4 Absolute and relative inequalities in oral impacts by levels of dental anxiety a SII and RII estimates were derived from regression models including sex, age groups, country of residence, education, income and dental anxiety as explanatory variables.
